As seen in the figure 2A , the resting tension of the aortic wall had two peaks around pH 2 and pH 12. Further, in the range between pH 3 and pH 10 the resting tension decreased slightly when the pH was progressively altered in either direction from 7.4, and this tendency was more conspicuous on the acidic side than the alkaline side. On the other hand, the resting tension of the vena abdominalis showed three peaks around pH 2, 5 and pH 12 (FIG. 2B) .. The peak tension value at pH 12 was the highest of all, that at pH 2 the next highest and that at pH 5 the lowest. Furthermore, the resting tension of the aorta and vena abdominalis decreased rapidly when the pH was shifted to more than 12 or less than 2, and the decline of tension occurred more sharply in the vena abdominalis than in the aorta.
In order to ascertain whether these peaks of the resting tension resulted from the response of the muscle component to pH or not, the recovery of the resting tension of the intact vessel from the influence of pH was investigated, as shown in FIG. 3 . As may be seen, the peaks of the resting tension at pH 5 and pH 12 were irreversible. Since the collagen and elastin were known almost reversible (PARTRIDGE, 1954) , it can be concluded that the peaks at pH 5 and pH 12 were due to the muscle component.
Next, the active tension of the aortic wall developed between pH 1 and pH 13, and had one peak around pH 9, but started to decrease rapidly around pH 3 and pH 11, at which the resting tension increased markedly. The active tension of the vena abdominalis showed the same results as that of the aorta (FIG. 2) . Thus, it is noticeable that the active tension appeared over a relatively wide range of pH. However, this is probably due to the direct stimulation of contractile element in the muscle cell.
2. The pH dependence of the resting tension of the aorta and vena abdominalis in hypertonic solution.
In order to eliminate the function of the muscle cells completely, similar experiments were carried out on the aorta and vena abdominalis after immersion for twenty minutes in hypertonic Ringer's solution containing 667.2 mM sucrose.
The results are shown in FIG. 4. As indicated in this figure, the active tension of the aorta disappeared completely and the resting tension had one peak at pH 2. Furthermore, the peak of the resting tension at pH 12 disappeared and instead, the resting tension decreased rapidly AND M. GOTO the case of the collagen dominant aorta (FIG. 5B) . Thus, these observations established that at least the peak of the resting tension at pH 2 was due to only the collagen component. Moreover, it was suggested that the collagen component was partly responsible for producing the peak in the resting tension at pH 12.
These observations are summarized in FIG. 6. The active tension was caused by the contraction of the muscle cells. On the other hand, the peak in the resting tension at pH 5 was due to the acid contructure of the muscle component as mentioned, the peak at pH 12 mainly to the alkaline contracture of the muscle and partially to the alkaline denature of collagen. The peak at pH 2 was presumably due to the acidic contraction of the collagen component. DISCUSSION 1. The effects of pH on the resting tension of collagen. We have shown that the acidic contracture and relaxation of the collagen component constituted the main cause of the peak in the resting tension at pH 2 and the alkaline contracture a partial cause of that at pH 12. Further, the slight decrease in the resting tension when the pH was decreased from 7.4 was estimated mainly due to the collagen component.
As is generally known, the collagen molecule consists of three helices stabilized by interchain hydrogen bonds (RAMACHANDRAN, 1963) . Moreover thermally denatured, acid-extracted collagen is composed of two separate structures, and these separated chains have a random configuration (OREKHOVITCH and SHPIKITER, 1958; DOTY and NISHIHARA, 1958) . In addition, according to BANGA (1953) , the process of contraction of collagen caused by acid or alkali equals that of thermal shrinkage.
Therefore, it is possible that the peaks in the resting tension at pH 2 and pH 12 are due to the above-mentioned properties of collagen.
The decrease in the resting tension below pH 2 would be due to further destruction of hydrogen bonds.
According to GROSS (1964) , the collagen molecule maintains its intact structure in a neutral extract and the cross-links between the chains in a weak acid extract : in addition, collagen is more easily extracted by acid than alkali.
Thus, the slight decrease in the resting tension at weakly acidic pHs may be explained by the change in rigidity of the collagen molecule and in crosslinking between the different chains.
2. The effects of PH on the resting tension of elastin. As is well known, elastin is an inactive substance and is very little affected by pH and temperature (BULL, 1957) and our results showed tentatively that elastin did not play any role in producing the peaks in the resting tension. However, HASS (1942) noted that, in the course of his acid purification, the elastic network increased in length, but returned to its original dimensions when the acidity was neutralized.
Furthermore, according to LOEVEN (1963) , the elastic fibers are stabilized by mucopolysaccharides, while a kind of mucopolysaccharide can be removed completely by boiling elastin powder with alkali. Therefore, the slight decrease in the resting tension of the vessels treated with formic acid when the pH was changed in either direction from 7.4 may be partially due to the properties of elastin network mentioned above.
3. The effects of PH on the active and resting tension of the muscle component. We found that the active tension developed over a wide range between pH 3 and pH 11, and had a peak at pH 9. The disappearance of active tension at a pH of more than 13 or less than 1 seems to be due to degeneration of the contractile elements in the muscle fibers by acid or alkali as well as the destruction of the membrane structure.
On the other hand, the peak at pH 9 may not be explained by degradation of the contractile elements. Possibly hydrogen ions alter the charge on the proteins and phospholipids of the cell membrane and thereby influence contraction in this way as TOBIAN et al. (1959) suggested.
The disappearance of active tension in hypertonic solution can be explained in the following way.
In hypertonic Ringer's solution the muscle cell lost much water (BonER, 1961) . Therefore, although the coupling and contractile mechanisms were still operative, the muscle viscosity rose to such an extent that little shortening of the contractile elements could occur (HOWARTH , 1958) .
On the other hand, we concluded that the peak in the resting tension at pH 5 was due to acid contracture and the one at pH 12 to alkaline contracture of the muscle component. KESTER et al . (1952) observed a significant relaxation in the femoral artery of the hind leg of the dog when the pH of the blood was progressively altered in either direction from 7.4 in the range between pH 2 and pH 10. Although SCHULER (1938) , TOBIAN et al. (1959) and FLEISH-MAN et al. (1957) also observed the effects of pH on the vascular smooth muscle, the observations were confined in a small range of pH . Our observation that the peaks at pH 5 and pH 12 disappeared in hypertonic solution confirmed the role of the muscle component since only the muscle component has a membrane capable of response to hypertonic solution (PARTRIDGE, 1954) . Further, according to PARTRIDGE (1954) , the responses of the collagen fibers to chemical substances are reversible.
Therefore, the irreversibility of the peaks in the resting tension at pH 5 and pH 12 also indicates that they are due to the muscle component. These observations further show that the acid and alkali contractures of the muscle component are different from those of the collagen component.
SUMMARY
1) The mechanical characteristics of the toad blood vessels were investigated under different pHs using a dynamic strain amplifier.
2) The resting tension of the vessels had three peaks at pH 2 , pH 5 and pH.
12, and in the range between pH 3 and pH 10 decrease slightly when the pH was altered in either direction from 7.4. 3) Active tension was developed between pH 3 and pH 11, and reaching a maximum level at pH 9. 4) In solution made hypertonic by adding sucrose, the active tension and the peaks in the resting tension at pH 5 and pH 12 disappeared.
Furthermore,. the peaks in the resting tension at pH 5 and pH 12 were irreversible . Therefore, it was established that the peaks in the resting tension at pH 5 and pH 12 were due to acid and alkali contractures of the muscle component . 5) Vessels, treated with crude trypsin, so that only the collagen component remained functional,
showed acid contracture at pH 2 and slight alkali contracture at pH 12, supporting the conclusion that the peak in the resting tension of the vessels at pH 2 was mainly due to the collagen component and that at pH 12 partly due to the collagen component. 6) Vessels digested with formic acid, so that only the elastin component remained functional, showed an almost constant response at different pHs over a wide range, but when out of this range, the resting tension decreased, the decrease being more rapid on the alkaline side.
